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ABSTRACT
Planets and planet candidates are subjected to great investigation in recent years. In
this study, we analyse 20 planet and planet-candidate host stars at different evolu-
tionary phases. We construct stellar interior models of the host stars with the MESA
evolution code and obtain their fundamental parameters under influence of observa-
tional asteroseismic and non-asteroseismic constraints. Model mass range of the host
stars is 0.74-1.55 M⊙ . The mean value of the so-called large separation between oscil-
lation frequencies and its variation about the minima show the diagnostic potential of
asteroseismic properties. Comparison of variations of model and observed large separa-
tions versus the oscillation frequencies leads to inference of fundamental parameters of
the host stars. Using these parameters, we revise orbital and fundamental parameters
of 34 planets and four planet candidates. According to our findings, radius range of
the planets is 0.35-16.50 R⊕ . The maximum difference between the transit and revised
radii occurs for Kepler-444b-f is about 25 per cent.
Key words: asteroseismology – planets and satellites: fundamental parameters –
stars: evolution – stars: fundamental parameters – stars: oscillations – planetary sys-
tems.
1 INTRODUCTION
Planetary studies collect huge data nowadays. Thanks to
the Convection, Rotation and planetary Transits (CoRoT;
Baglin et al. 2006), Kepler (Koch et al. 2010), ground-
base observations and Transiting Exoplanet Survey Satel-
lite (TESS; Sullivan et al. 2015), more than 39001 planets
are discovered. Fate of a planet is determined and char-
acterized by its host star. Accuracy of the fundamental
planetary parameters depends on how exact properties of
the host stars we compute. Most of the observed planet
and planet candidate host stars have convective envelope.
Thus, they exhibit solar-like oscillations. Long-period ob-
servations with high precise data allow to reveal solar-
like oscillation frequencies. Hereby, fundamental parame-
ters of host stars are derived from asteroseismic meth-
ods with the reference frequencies (Yıldız et al. 2014, here-
after Paper I; Yıldız, C¸elik Orhan & Kayhan 2015, here-
after Paper II) and scaling relations (see e.g. Mathur et al.
2012; Huber et al. 2013).
From CoRoT and Kepler observations, many solar-like
oscillating host stars have been discovered. First remarkable
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studies that derive stellar parameters of the host stars in
great number using asteroseismology are for Kepler planet-
candidate host stars (Huber et al. 2013; Silva Aguirre et al.
2015). Before Kepler, some studies that are based on CoRoT,
Hubble and ground-based observations are seen in the lit-
erature (see e.g. Soriano et al. 2007; Nutzman et al. 2011;
Wright et al. 2011). In this study, we construct interior mod-
els of 20 Kepler and CoRoT target host stars with the MESA
stellar evolution code (Paxton et al. 2011, 2013). We com-
pute adiabatic oscillation frequencies of the models and com-
pare them with observed oscillation frequencies with ADIPLS
package and try to obtain fundamental parameters of the
host stars and their planets.
Since large separation between oscillation frequencies
(∆ν) is related to sound travel time throughout stellar ra-
dius (R), mean stellar density derived from asteroseismol-
ogy is more accurate than the mean density derived from
any method (Ulrich 1986). If effective temperature (Teff) is
observed precisely, R and stellar mass (M) are determined
using the asteroseismic quantities, namely, frequency of the
maximum amplitude (νmax), ∆ν and reference frequencies
(νmin0, νmin1, and νmin2; Paper I and II) at the minima
of ∆ν, in conventional (Kjeldsen & Bedding 1995) and new
scaling relations (Yıldız, C¸elik Orhan & Kayhan 2016, here-
after Paper III). Stellar age is derived from stellar interior
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models. As hydrogen fused into helium in the nuclear core,
mean molecular weight increases and sound speed gradient
changes in time. Therefore, the small separation between os-
cillation frequencies (δν02) is much more sensitive function
of the nuclear processes in the core than individual oscil-
lation frequencies. Hence, age of main-sequence (MS) stars
determined by δν02 is much more precise than ages from any
method (Ulrich 1986).
Most of the planets is discovered by observing their
transit across the disk of the hosts (see e.g. Steffen et al.
2012; Rowe et al. 2014). Planets have also been detected by
radial velocity (RV) method. Although mass of a planet di-
rectly estimated from the RV method depends on inclination
of its orbit (see e.g. Borucki et al. 2010; ?; Barclay et al.
2015), for both methods, properties of the host stars are re-
quired for determination of the fundamental planetary pa-
rameters. In this study, we construct interior models for the
host stars and obtain their parameters under asteroseismic
and non-asteroseismic constraints. Then, we revise funda-
mental and orbital parameters of 34 planets and four planet-
candidates using model mass and radius of the host stars (see
Section 4).
We organize this paper as follows. In Section 2, we give
basic properties of the host stars infered from asteroseismic
and non-asteroseismic observational data.MESAmodels and
seismic analysis of the host stars are presented in Section 3.
In Section 4, we estimate fundamental and orbital parame-
ters of the planets and planet candidates. Lastly, we draw
our conclusions in Section 5.
2 ASTEROSEISMIC AND
NON-ASTEROSEISMIC PROPERTIES OF
THE HOST STARS
The host stars have different evolutionary phases. They ex-
hibit solar-like oscillations. Thus, we have opportunity to
analyse the host stars with asteroseismology. Observed as-
teroseismic and spectral properties of the host stars are listed
in Table 1. Among the host stars, HD 52265 is the only
star observed by CoRoT. The remaining stars are observed
by Kepler. Observational oscillation frequencies of the host
stars that are obtained from CoRoT and Kepler light curves
are taken from the literature (see Table 1). From observa-
tional oscillation frequencies, we obtain mean small separa-
tion between oscillation frequencies (〈δν02〉). ∆ν and νmax are
taken from the literature. ∆ν from the literature is in very
good agreement with ∆ν obtained from ∆ν versus ν graph.
Also, we determine the reference frequencies from their ∆ν
versus ν graph. For all of the target stars, we have deter-
mined νmin0 and νmin1 from their ∆ν versus ν graph, except
KIC 10963065. For KIC 10963065, νmin0 is not available.
min2 is partly or entirely seen in the five target stars (KIC
3632418, KIC 8866102, KIC 9592705, KIC 10666592, and
KIC 11807274).
To compute νmin of any minima from ∆ν versus ν graph,
we first determine frequency interval of the minimum and
draw two straight lines from the neighbourhood intervals.
The intersection of the two lines corresponds νmin.
Evolutionary phases of the host stars are seen in Fig. 1.
In this figure, ∆νobs of the host stars are plotted with respect
to effective temperature based on spectra (Teff,S). Thin and
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Figure 1. Large separation between observed oscillation frequen-
cies with respect to spectroscopic effective temperature for the
20 host stars. Thin and thick solid lines are for zero-age main
sequence (ZAMS) and terminal-age main sequence (TAMS), re-
spectively.
thick solid lines are zero-age main sequence (ZAMS) and
terminal-age main sequence (TAMS), respectively. These
lines are computed with the MESA evolution code for the
mass range 0.8-1.6 M⊙ with solar composition. Five host
stars are MS star. Most of the host stars are on the sub-
giant evolutionary phase. The effective temperature range
of the host stars is about 5000-6350 K. KIC 10666592 is the
hottest host star and its effective temperature is 6350 ± 80
K. In contrast, effective temperature of the coolest host star
(KIC 6278762) is 5046 ± 74 K.
Most of the 38 planets are small rocky planets. The
remaining planets are mostly hot giant. Number of multiple
systems is 10. The planet with the longest period is Kepler-
126c, approximately 100 d. Kepler-65c is the planet with the
shortest orbital period of 2 d.
3 INTERIOR MODELS OF THE HOST STARS
3.1 Properties of the MESA code
We construct interior models of 20 host stars with MESA
evolution code (Paxton et al. 2011, 2013). Standard mix-
ing length theory (Bo¨hm-Vitense 1958) is used for con-
vection treatment. The effects of convective overshooting
are not considered. OPAL opacity tables are taken from
Iglesias & Rogers (1993, 1996). In nuclear reaction rates,
we use Angulo et al. (1999) with updated by Kunz et al.
(2002) and Cyburt et al. (2010). Stellar atmospheric con-
ditions are vital for asteroseismic modelling in particular
for high-frequency domain. For simplicity, we select the SIM-
PLE PHOTOSPHERE option in MESA for the host stars (see
details in Paxton et al. 2011). Element diffusion is included
with MESA default option. Diffusion is taken into account
for the host stars with Mstar < 1.2 M⊙ . For the solar val-
ues, initial hydrogen abundance X = 0.70358, metallicity
© 2019 RAS, MNRAS 000, 1–9
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Table 1. Observed spectral and asteroseismic properties of the host stars. Columns are organized as star name, effective temperature,
surface metallicity, spectral and asteroseismic gravities, frequency of maximum amplitude, mean large and small separations between
oscillation frequencies, reference frequencies for min0, min1 and min2 and references. Effective temperature and observed metallicity are
taken from spectral observations. Asteroseismic gravity is computed from asteroseismic scaling relation. 〈δν02 〉, νmin0, νmin1, and νmin2
are derived from observed oscillation frequencies. νmax and ∆ν are taken from the references given in the last column.
Star Teff,S [M/H]obs log gs log gsca νmax 〈∆ν〉 〈δν02 〉 νmin0 νmin1 νmin2 Ref.
(K) (dex) (cgs) (cgs) (µHz) (µHz) (µHz) (µHz) (µHz) (µHz)
HD 52265 6116 ± 110 0.22 ± 0.05 4.32 ± 0.20 4.28 ± 0.01 2090.0 ± 20 98.1 ± 0.1 8.2 ± 0.9 2338.1 1845.7 – 3,12,17
KIC 3544595 5689 ± 48 -0.15 ± 0.40 4.56 ± 0.06 4.46 ± 0.02 3366.0 ± 81 145.8 ± 0.5 8.6 ± 1.7 3283.2 2701.9 – 2,14,23
KIC 3632418 6148 ± 111 -0.19 ± 0.21 3.94 ± 0.21 4.01 ± 0.04 1159.0 ± 44 60.9 ± 0.6 4.3 ± 0.7 1422.1 1065.2 736.0 1,9,19,20
KIC 4349452 6270 ± 79 -0.04 ± 0.10 4.28 ± 0.03 4.29 ± 0.02 2106.0 ± 50 98.3 ± 0.6 7.8 ± 1.6 2365.2 1884.5 – 4,14,18
KIC 5866724 6211 ± 167 0.17 ± 0.06 4.23 ± 0.01 4.24 ± 0.03 1880.0 ± 60 89.6 ± 0.5 7.6 ± 1.2 2261.4 1698.3 – 8,14
KIC 6278762 5046 ± 74 -0.55 ± 0.07 4.60 ± 0.06 4.58 ± 0.03 4538.0 ± 144 179.6 ± 0.8 9.5 ± 1.0 4220.8 3411.7 – 6,10
KIC 6521045 5825 ± 75 0.02 ± 0.10 4.13 ± 0.03 4.13 ± 0.02 1502.0 ± 31 77.0 ± 1.1 5.3 ± 0.5 1643.2 1259.1 – 10,18
KIC 7296438 5798 ± 75 0.30 ± 0.10 4.15 ± 0.15 4.22 ± 0.01 1848.0 ± 16 88.7 ± 0.1 5.3 ± 0.3 1983.2 1540.8 – 11,13
KIC 8077137 6072 ± 121 -0.09 ± 0.15 4.07 ± 0.03 4.09 ± 0.03 1324.0 ± 39 68.8 ± 0.6 5.6 ± 1.0 1494.3 1140.0 – 10,15
KIC 8292840 6239 ± 94 -0.14 ± 0.10 4.25 ± 0.04 4.27 ± 0.02 1983.0 ± 37 92.9 ± 0.4 7.8 ± 1.3 2245.6 1730.6 – 10,22
KIC 8866102 6325 ± 75 0.01 ± 0.10 – 4.28 ± 0.02 2014.0 ± 32 94.5 ± 0.6 8.0 ± 1.7 2420.8 1801.7 1342.0 10,24
KIC 9414417 6253 ± 75 -0.13 ± 0.10 – 4.02 ± 0.03 1115.0 ± 32 60.1 ± 0.3 4.5 ± 1.1 1059.6 730.2 – 10
KIC 9592705 6174 ± 92 0.22 ± 0.10 – 3.97 ± 0.02 1008.0 ± 21 53.5 ± 0.3 4.9 ± 1.2 1265.4 971.0 728.3 10
KIC 9955598 5264 ± 95 0.08 ± 0.10 4.29 ± 0.12 4.48 ± 0.03 3546.0 ± 119 153.2 ± 0.1 9.0 ± 0.8 3606.2 2842.8 – 1,14,19
KIC 10514430 5784 ± 98 -0.11 ± 0.11 – 4.07 ± 0.02 1303.0 ± 30 70.0 ± 1.0 5.9 ± 0.7 1388.2 1006.9 – 10
KIC 10666592 6350 ± 80 0.26 ± 0.08 4.07 ± 0.08 4.02 ± 0.10 1115.0 ± 110 59.2 ± 0.6 4.5 ± 1.0 1569.2 1182.2 796.5 10,21
KIC 10963065 6090 ± 70 -0.25 ± 0.06 4.31 ± 0.08 4.29 ± 0.03 2184.0 ± 62 103.2 ± 0.6 7.1 ± 0.9 2338.8 1817.5 – 1,5,9,19
KIC 11295426 5793 ± 74 0.12 ± 0.07 4.28 ± 0.06 4.27 ± 0.01 2154.0 ± 13 101.6 ± 0.1 5.6 ± 0.8 2212.0 1767.4 – 14,16,23
KIC 11401755 5911 ± 66 -0.20 ± 0.06 4.05 ± 0.01 4.06 ± 0.04 1250.0 ± 44 67.9 ± 1.2 5.2 ± 1.4 1371.0 1100.9 – 7,10
KIC 11807274 6225 ± 66 0.06 ± 0.08 4.13 ± 0.01 4.14 ± 0.04 1496.0 ± 56 75.7 ± 0.3 8.1 ± 1.3 1680.9 1334.7 928.6 8,14
Note. References: 1: Appourchaux et al. (2012); 2: Ballard et al. (2014); 3: Ballot et al. (2011); 4: Benomar et al. (2014); 5:
Bruntt et al. (2012); 6: Campante et al. (2015); 7: Carter et al. (2012); 8: Chaplin et al. (2013); 9: Chaplin et al. (2014); 10:
Davies et al. (2016); 11: Deheuvels et al. (2016); 12: Escobar et al. (2012); 13: Everett et al. (2013); 14: Huber et al. (2013); 15:
Huber et al. (2014); 16: Gilliland et al. (2013); 17: Lebreton & Goupil (2014); 18: Marcy et al. (2014); 19: Metcalfe et al. (2014); 20:
Molenda-Z˙akowicz et al. (2013); 21: Pa´l et al. (2008); 22: Rowe et al. (2014); 23: Santos et al. (2013); and 24: Van Eylen et al. (2014).
Z = 0.0172, age t = 4.57 Gyr, and the mixing length pa-
rameter (α = 2.175) are used for the MESA evolution code.
We use ADIPLS package (Christensen-Dalsgaard 2008)
in MESA module to compute adiabatic oscillation frequen-
cies of interior models. We compute νmax from Brown et al.
(1991) with the solar values (νmax⊙ = 3050 µHz and
Teff⊙ = 5777 K). For determination of the reference fre-
quencies, we apply method in Paper I. Near surface region,
because of lower sound speed, stellar evolution codes are dif-
ficult to simulate. Therefore, surface correction is needed. In
this study, we apply surface correction in ADIPLS package
(Kjeldsen, Bedding & Christensen-Dalsgaard 2008).
3.2 Modelling strategy and χ2 method
The input parameters for the MESA evolution code are
Mmod, initial helium (Y0mod) and heavy element (Z0mod)
abundances and α. Among these parameters, Z0mod is de-
rived from the observed metallicity ([M/H]obs) (see below).
For the models with diffusion, however, Z computed from
[M/H]obs is the metallicity at the surface. α is taken as the
solar value. During the calibration procedure, we properly
change Mmod and Y0mod in order to fit models to the astero-
seismic and non-asteroseismic constraints. If the calibration
is not successful, we slightly modify Z0mod. For all of these
stars, we have Teff,S from spectra and gravity (gsca) from the
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Figure 2. log gsca for the 20 host stars is plotted with respect to
Teff,S with their uncertainties. Also plotted is log gmod with respect
to Tmod of the best-fitting models (filled circles). Thin and thick
solid lines are for the ZAMS and TAMS lines, respectively, taken
from Yıldız (2015).
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scaling relation as a function of Teff,S and νmax:
gsca
g⊙
=
νmax
νmax⊙
(
Teff,S
T⊙
)0.5
.
In Fig. 2, log gsca is plotted with respect to Teff,S. Also shown
are the best-fitting models.
In fitting interior model of a star to the observational
constraints, we first try to fit model of a star to the observed
box in the Teff,S − log gsca diagram and secondly check how
asteroseismic constraints are satisfied by oscillation frequen-
cies of the model. The asteroseismic constraints comprise the
observed oscillation frequencies, ∆ν, 〈δν02〉, νmax, and the ref-
erence frequencies (νmin0, νmin1, and νmin2). The best-fitting
model is decided by applying χ2 method (see below). We
slightly change log gmod and Tmod if needed for the minimiza-
tion of χ2. For all of the host stars, except KIC 9955598, the
difference between Teff,S and Tmod of the best-fitting model
is less than 100 K.
The difference between Teff,S and Tmod of KIC 9955598
is 148 K. Effective temperatures of KIC 9955598 computed
from its B − V and V − K colours are as 5355 and 5480 K,
respectively. Its Tmod (5412 K) is very close to the mean
(5418 K) of the Teffs from the colours. In computation of its
χ2, its observed Teff is taken as 5418 K.
We compute normalized asteroseismic χ2
seis
in order to
evaluate resemblance rate between individual oscillation fre-
quencies derived from observations and models:
χ2seis =
1
Nfreq
Nfreq∑
i=1
(
νobs − νmod,i
σobs,i
)2
, (1)
where Nfreq, νobs,i, and νmod,i are number of observed oscilla-
tion frequencies, observed and model oscillation frequencies,
respectively. σobs,i is uncertainty of the observed oscillation
frequency.
To fit model oscillation frequencies to observed os-
cillation frequencies, density is the key parameter (see
Paper III). However, different combinations of M and R may
utilize the same mean density but completely different in-
terior models for each of the M and R combinations. On
account of this, we particularly pay attention to use the ref-
erence frequencies in our analysis. The reference frequencies
strongly depend on M and R. Difference between the best
model and observed reference frequencies for all of the host
stars is in general less than ∆ν/2 (see Paper I).
The observed metallicity is included as input constraints
on the models. Initial metallicity (Z0mod) is computed from
[M/H]obs given in Table 1 using with solar initial metallicity
Z0⊙ : Z0mod = 10
[M/H]obsZ0⊙ . However, the mean uncertainty
in [M/H]obs of the stars is about 0.11 dex. In addition, some
extra difficulties in determination of Z0mod arise because of
differentiation of surface metallicity from initial metallicity
due to various processes such as diffusion and mixing. These
processes strongly depend on stellar mass and the diffusion
is in general not applicable for the stars with M > 1.20 M⊙ .
Therefore, the metallicity is not involved in our non-seismic
χ2 analysis.
In computation of non-seismic χ2, we primarily focus
on the observed effective temperature and surface gravity to
fit model parameters:
χ2spec = χ
2
Teff
+ χ2
log g
, (2)
1000
3000
5000
15 20 25 30
νobs(µHz)
ν
∆ν
Figure 3. Observed oscillation frequencies (νobs) with l = 0 are
plotted with respect to n′
obs
for 20 planet and planet-candidate
host stars. These lines show n′
obs
of each host star. From high to
low frequencies, stars evolve from MS to subgiant. KIC 3544595,
KIC 9955598, and KIC 6278762 in the high-frequency region are
located separately. The remaining stars are on the subgiant phase.
They stand in the densest region. They have 700 < νobs < 2900
µHz.
where
χ2Teff
=
(
Teff,S − Tmod
σTeff,S
)2
, (3)
where σTeff,S is uncertainty in Teff,S. Tmod is effective temper-
ature of the MESA model.
For asteroseismic and spectroscopic constraints, χ2 is
calculated independently in equation (1) and (2), respec-
tively. For χ2spec, uncertainties in Teff,S and log g are involved
as in equation (2). χ2
log g
is calculated from an equation simi-
lar to equation (3). χ2spec of the host stars is listed in Table 2.
The difference between observed and model oscillation
frequencies is in particular significant in the high-frequency
domain. Therefore, we disregard some of the high-frequency
data in computation of χ2
seis
. This difference is due to the
observational frequencies. As long as ∆νobs is plotted with
respect to n′
obs
=
νobs
∆νobs
, the observed oscillation frequencies of
the modes of some dwarfs with n′
obs
> 25 are fluctuated. Un-
certainties of the frequencies are significantly greater than
that of the modes with n′
obs
< 25 (see also fig. 3 in Paper III).
Actually, this situation depends on evolutionary phase of a
star. As it evolves from MS to the red giant branch (RGB),
range of n′
obs
is changed. In Fig. 3, observed oscillation fre-
quencies with l = 0 are plotted with respect to n′
obs
for 20
planet and planet-candidate host stars. However, observed
oscillation frequencies of low-mass MS star, KIC 6278762,
are in 21 < n′
obs
< 30 range. We notice the scattering of
data of the modes with the two highest frequencies. Most of
the stars is on the subgiant evolutionary phases, oscillation
frequencies are observed in 13 < n′
obs
< 27 range.
Because of nuclear evolution during the MS phase,
sound speed gradient changes inside the nuclear core.
© 2019 RAS, MNRAS 000, 1–9
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Change in sound speed gradient causes δν02 to decrease.
This makes δν02 a very suitable age indicator for the MS
phase. The resolution is very high in a δν02-∆ν diagram for
this phase (see e.g. White et al. 2011). Beyond the MS phase
degeneracy sets in and it seems that δν02 provides similar
information as ∆ν.
As stated above, δν02 is a very good age indicator for
the MS stars. Therefore, observed value of δν02 is used as
one of the key constraints for the calibration of models of
such stars. For all of the host stars, the difference between
observed and model 〈δν02〉 is less than 1 µHz, except KIC
5866724. For KIC 5866724, the difference is 1.1 µHz.
3.3 Results of the models
The results of interior model computations for the host
stars are listed in Tables 2 and 3. According to these re-
sults, stellar mass range is 0.74-1.55 M⊙ . KIC 10666592 and
KIC 6278762 have the highest and the lowest masses, respec-
tively. KIC 6278762 also has the lowest radius (0.75 R⊙) and
the oldest stellar age with 11.7 Gyr.
Most of the host stars have two reference minima in
∆νobs versus νobs graph, especially νmin0 and νmin1. Besides
these minima, KIC 3632418, KIC 8866102, KIC 9592705,
KIC 10666592, and KIC 11807274 entirely or partly have
min2. From the models, νmin2 is more stable than νmin0 and
νmin1 for arbitrary mass and abundances. High-frequency re-
gion in ∆ν versus ν graph is fluctuated. Therefore, νmin0 is
either less or not confidential in some cases. Agreement be-
tween patterns of observed and model oscillation frequencies
in ∆ν versus ν graph reveals the appropriate model param-
eters.
In addition to KIC 9955598, we also computed Teff and
metallicity of four host stars (KIC 3632418, KIC 10963065,
KIC 11295426, and KIC 11807274) from their colours us-
ing Lejeune, Cuisinier & Buser (1998) colour and bolometric
correction (BC) tables. These results are in agreement with
the spectroscopic results within the uncertainty in general.
We compare our derived fundamental parameters of the
host stars with results obtained by Huber et al. (2013) and
Silva Aguirre et al. (2015). In Huber et al. (2013), stellar
parameters of 66 host stars from asteroseismic constraints
are presented. Silva Aguirre et al. (2015) is determined stel-
lar properties of 33 host stars using different grids of stellar
evolutionary models. For Rstar < 1.3R⊙ , the agreement be-
tween MESA and literature models of the host stars is ex-
cellent. However, significant discrepancy between MESA and
literature radii occurs for the range Rstar > 1.3R⊙ .
We also compare our results for stellar mass with the lit-
erature. Literature masses obtained from Huber et al. (2013)
and Silva Aguirre et al. (2015) (Mlit) are plotted with re-
spect to stellar mass derived from the MESA models (Mmod)
in Fig. 5. There is mainly a very good agreement between
Mlit and Mmod, especially for the masses lower than 1.1 M⊙ .
The significant difference appears for few stars.
3.4 Uncertainties in model parameters
The uncertainties in Mmod, Rmod, and age given in Table 2 are
computed using the method obtained by Bellinger (2019).
This method is a comprehensive method and developed for
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Figure 4. Comparison of MESA model (filled circle) and ob-
served (circle) oscillation frequencies with l = 0 of KIC 9414417
in ∆ν versus ν graph.
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Figure 5. Stellar mass obtained by Huber et al. (2013) and
Silva Aguirre et al. (2015) (Mlit) is plotted with respect to stellar
mass derived from models (Mmod) in solar unit.
the MS and early subgiant stars. In this method, uncertain-
ties of Mmod and Rmod are computed from uncertainties of
Tmod, metallicity, 〈∆ν〉, and νmax. For the uncertainty in age,
in addition to these parameters, 〈δν02〉 is also included. Un-
certainties of Lmod and log gmod are derived from the uncer-
tainties of Mmod, Rmod, and Tmod with a quadratic approach.
For Lmod, for example,
∆Lmod
Lmod
=
√(
2
∆Rmod
Rmod
)2
+
(
4
∆Tmod
Tmod
)2
. (4)
In the computations, ∆Tmod is taken the same as ∆Teff,S. All
stars of the 20 hosts are either MS or early subgiant stars.
The uncertainty in Y0mod mostly depends on ∆Mmod be-
© 2019 RAS, MNRAS 000, 1–9
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Table 2. Fundamental MESA model parameters of the host stars. Mmod, Rmod, Tmod, Lmod, log gmod, Y0mod, Z0mod, and tmod are, respectively,
stellar mass in M⊙ unit, stellar radius in R⊙ unit, effective temperature in K unit, luminosity in L⊙ unit, logarithm of surface gravity
of the model in cgs, and age in units of Gyr. χ2spec of the models is in the last column.
Star Mmod Rmod Tmod Lmod log gmod Y0mod Z0mod tmod χ
2
spec
(M⊙) (R⊙) (K) (L⊙) (cgs) (Gyr)
HD 52265 1.23 ± 0.04 1.32 ± 0.01 6144 ± 110 2.24 ± 0.16 4.29 ± 0.04 0.274 ± 0.027 0.023 ± 0.002 3.1 ± 0.5 0.1
KIC 3544595 0.90 ± 0.10 0.92 ± 0.04 5658 ± 48 0.77 ± 0.07 4.47 ± 0.14 0.292 ± 0.097 0.015 ± 0.005 6.3 ± 2.2 2.7
KIC 3632418 1.27 ± 0.09 1.85 ± 0.05 6208 ± 111 4.55 ± 0.41 4.01 ± 0.09 0.283 ± 0.060 0.018 ± 0.004 3.9 ± 1.6 0.4
KIC 4349452 1.20 ± 0.05 1.31 ± 0.02 6270 ± 79 2.39 ± 0.14 4.28 ± 0.05 0.279 ± 0.035 0.017 ± 0.002 2.7 ± 0.9 0.0
KIC 5866724 1.27 ± 0.06 1.42 ± 0.02 6155 ± 167 2.61 ± 0.29 4.24 ± 0.06 0.274 ± 0.039 0.022 ± 0.003 2.9 ± 0.8 1.1
KIC 6278762 0.74 ± 0.03 0.75 ± 0.01 5072 ± 74 0.33 ± 0.02 4.56 ± 0.05 0.284 ± 0.035 0.012 ± 0.001 11.7 ± 2.7 0.6
KIC 6521045 1.10 ± 0.05 1.51 ± 0.03 5856 ± 75 2.41 ± 0.16 4.12 ± 0.06 0.277 ± 0.038 0.019 ± 0.003 7.3 ± 1.0 0.3
KIC 7296438 1.13 ± 0.04 1.39 ± 0.02 5790 ± 75 1.96 ± 0.12 4.20 ± 0.05 0.261 ± 0.028 0.023 ± 0.002 7.6 ± 0.7 0.5
KIC 8077137 1.18 ± 0.07 1.66 ± 0.04 6099 ± 121 3.43 ± 0.32 4.07 ± 0.08 0.279 ± 0.050 0.017 ± 0.003 5.2 ± 1.3 0.1
KIC 8292840 1.12 ± 0.05 1.33 ± 0.02 6328 ± 94 2.54 ± 0.17 4.24 ± 0.05 0.289 ± 0.039 0.012 ± 0.002 3.5 ± 0.7 1.0
KIC 8866102 1.25 ± 0.05 1.36 ± 0.02 6320 ± 75 2.66 ± 0.15 4.27 ± 0.05 0.278 ± 0.033 0.019 ± 0.002 2.3 ± 0.7 0.0
KIC 9414417 1.27 ± 0.05 1.86 ± 0.03 6236 ± 75 4.72 ± 0.27 4.00 ± 0.05 0.280 ± 0.033 0.016 ± 0.002 3.9 ± 1.7 0.1
KIC 9592705 1.45 ± 0.06 2.10 ± 0.03 6187 ± 92 5.80 ± 0.38 3.96 ± 0.05 0.270 ± 0.034 0.026 ± 0.003 3.3 ± 0.9 0.0
KIC 9955598 0.89 ± 0.04 0.88 ± 0.01 5412 ± 95 0.60 ± 0.04 4.50 ± 0.05 0.280 ± 0.038 0.017 ± 0.002 8.2 ± 2.2 3.1
KIC 10514430 1.07 ± 0.05 1.59 ± 0.03 5846 ± 98 2.66 ± 0.20 4.06 ± 0.06 0.280 ± 0.039 0.016 ± 0.002 7.5 ± 1.7 0.4
KIC 10666592 1.55 ± 0.15 1.99 ± 0.07 6381 ± 80 5.92 ± 0.51 4.03 ± 0.12 0.281 ± 0.082 0.025 ± 0.007 1.9 ± 0.5 0.4
KIC 10963065 1.10 ± 0.04 1.23 ± 0.02 6090 ± 70 1.88 ± 0.11 4.30 ± 0.05 0.272 ± 0.030 0.014 ± 0.002 4.0 ± 1.2 0.0
KIC 11295426 1.10 ± 0.03 1.25 ± 0.01 5807 ± 74 1.60 ± 0.09 4.28 ± 0.03 0.273 ± 0.022 0.024 ± 0.002 6.8 ± 1.3 0.0
KIC 11401755 1.10 ± 0.05 1.64 ± 0.04 5998 ± 66 3.12 ± 0.20 4.05 ± 0.07 0.283 ± 0.039 0.013 ± 0.002 5.9 ± 3.1 1.7
KIC 11807274 1.29 ± 0.06 1.60 ± 0.02 6154 ± 66 3.31 ± 0.16 4.14 ± 0.05 0.277 ± 0.039 0.020 ± 0.003 3.5 ± 0.7 2.2
Table 3. Asteroseismic parameters of MESA models for the host stars.
〈
δν02,mod
〉
, 〈∆νmod 〉, νmax,mod, νmin0,mod, νmin1,mod, and νmin2,mod are,
respectively, mean small and large separation between model oscillation frequencies, model frequency of maximum amplitude, reference
frequencies of model in µHz units. νmax,mod is computed from scaling relations with Tmod and log gmod. Typical uncertainties for the
reference frequencies are 〈∆νmod 〉/2.
Star
〈
δν02,mod
〉
〈∆νmod 〉 νmax,mod νmin0,mod νmin1,mod νmin2,mod
(µHz) (µHz) (µHz) (µHz) (µHz) (µHz)
HD 52265 7.5 98.8 2087.8 2398.0 1857.1 1340.9
KIC 3544595 8.8 146.5 3305.8 3286.7 2702.4 2034.0
KIC 3632418 4.5 60.9 1096.5 1473.3 1065.5 762.4
KIC 4349452 7.9 98.4 2040.9 2488.8 1884.5 1397.0
KIC 5866724 6.5 89.8 1855.8 2174.3 1633.6 1223.3
KIC 6278762 8.5 180.6 4305.2 4221.5 3324.0 2606.5
KIC 6521045 5.0 77.4 1461.5 1647.1 1259.7 894.3
KIC 7296438 5.2 89.1 1781.9 1950.9 1489.5 1094.7
KIC 8077137 4.9 69.4 1271.1 1594.6 1148.3 847.3
KIC 8292840 6.9 93.1 1856.3 2344.6 1742.8 1274.7
KIC 8866102 7.6 94.5 1964.9 2521.7 1830.8 1342.0
KIC 9414417 4.6 59.8 1074.2 1066.3 742.5 433.5
KIC 9592705 4.2 54.0 970.0 1298.6 963.7 670.4
KIC 9955598 8.1 154.1 3621.6 3609.3 2842.4 2228.4
KIC 10514430 5.2 70.4 1278.4 1385.5 1077.4 800.4
KIC 10666592 4.4 59.2 1132.5 1602.6 1183.6 829.3
KIC 10963065 7.4 103.4 2145.9 2394.4 1859.2 1376.9
KIC 11295426 5.2 101.8 2130.6 2238.6 1769.2 1364.8
KIC 11401755 5.0 68.0 1228.7 1371.9 1081.6 796.8
KIC 11807274 5.5 75.9 1483.5 1836.4 1336.7 1002.5
cause we consider Y0mod and ∆Mmod as variable in order to
fit model to the observed luminosity. Using the numerical
logarithmic derivatives of model luminosity with respect to
∆Mmod and Y0mod, we obtain ∆Ymod/Ymod ≈ 3∆Mmod/Mmod.
We apply a similar method for uncertainty in Zmod.
4 MASS AND RADIUS ESTIMATION OF THE
PLANETS AND PLANET CANDIDATES
Most of the planets are discovered by transit method. Be-
sides the method, RV is an important tool for non-transiting
planetary systems. Confirmed planets by these methods
highly depend on fundamental parameters of host stars. Es-
pecially, accuracy of stellar radius and mass is crucial. We
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obtain fundamental parameters of the hosts by constructing
interior models. In this section, we compute basic properties
of 34 planets and also four planet candidates using these
stellar parameters. Then, fundamental orbital and structure
parameters of the transiting planets and planet candidates
are revised.
30 planets of the host stars are detected by transit
method. We revise radius, semimajor axis, and inclination
of these planets in this study. Radii of the planets are com-
puted using estimated stellar radius (Rmod) and observed
transit data from Rowe et al. (2015). Semimajor axis of the
planets is estimated using Mmod. We also derive orbital in-
clination of the transiting planets. The orbital inclination
is computed from equation (13) in Seager & Malle´n-Ornelas
(2003). In that equation, we use Rmod and semimajor axis
and also impact parameter. The impact parameter is taken
from Rowe et al. (2015).
Estimated transiting planetary radius, semimajor axis,
and orbital inclination are listed in Table 4. Radius range
of the planets is 0.35-16.50 R⊕ . Orbital inclination of the
planets is approximately 90◦. Semimajor axis range of the
planets is 0.04-0.35 au. According to values of the semima-
jor axis and radius, Kepler-2b is classified as hot Jupiter. We
also derive fundamental parameters of the planet candidates.
These parameters are also derived for transiting planet can-
didates and listed in Table 5. The planet-candidates radius
range is 0.55-3.15 R⊕ .
In Fig. 6, fractional difference between the transit and
revised radii of the planets and planet candidates (∆Rp/Rp)
is plotted with respect to orbital period (Porb) in units of
day. This figure shows that the maximum difference between
estimated and transit radii is about 25 per cent for Kepler-
444 system.
We estimate the planetary mass for only the planets
detected by RV method. Among the planets we consider,
only four of them (HD 52265b, Kepler-25d, Kepler-68d, and
Kepler-93c) have RV data. Estimated stellar masses are used
in equation (1) in Lebreton & Goupil (2014) to obtain the
planetary mass. Orbital period, eccentricity, inclination of
planetary orbit, and semi-amplitude are taken from the lit-
erature. If eccentricity is not available in the literature, we
assume that the orbit is circular. For the systems with un-
known orbital inclination, we present the minimum mass
(M sin i). The estimated mass is plotted with respect to plan-
etary mass from RV data in Fig. 7. Mass range of the planets
is 0.95-3 Mjup. Kepler-25d and Kepler-93c have the lowest
and the highest masses, respectively.
The estimated planetary mass of HD 52265b is 16 per
cent greater than the mass from the literature. Masses of
Kepler-25d and Kepler-93c are estimated as 0.29 and 2.98
Mjup, respectively. Updated mass of the non-transiting plan-
ets are listed in Table 6.
5 CONCLUSIONS
Asteroseismology has recently detected oscillation frequen-
cies of many host stars. In this study, interior models with
MESA code for 20 planet and planet-candidate solar-like os-
cillating host stars are constructed under influence of these
observational constraints. Mass, radius, initial helium abun-
dance, and age of the host stars on the different evolution-
-0.5
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Figure 6. Fractional radius difference between transit and re-
vised radius of the planets (filled circle) and planet candidates
(circle) is plotted with respect to orbital period (Porb) in days
unit. ∆Rp/Rp is equal to (Rp, transit − Rp,mod)/Rp,mod. Transit radius
of the planet and planet candidates is taken from Rowe et al.
(2015).
ary phases are derived from the constructed models. We also
examine oscillation frequencies of these host stars observed
by CoRoT and Kepler. Mean large and small separations
between oscillation frequencies, and frequencies of the max-
imum amplitude are computed and used as constraints for
the interior models. The reference frequencies also put very
important constraints into interior models.
We find that model mass range of the host stars is 0.74-
1.55 M⊙ . Among the host stars, KIC 6278762 and KIC
10666592 have the lowest (0.74 M⊙) and highest masses
(1.55 M⊙), respectively. KIC 6278762 also has the low-
est model radius (0.75 R⊙) and is the oldest (11.7 Gyr)
star among the host stars. Effective temperature and ini-
tial metallicity range of the host stars are 5000-6350 K and
Z0mod = 0.012 − 0.026, respectively.
Most of the host stars have two reference minima, es-
pecially νmin0 and νmin1, in ∆νobs versus νobs graph. Besides
these minima, KIC 3632418, KIC 8866102, KIC 9592705,
KIC 10666592, and KIC 11807274 have either entire or part
of the min2 glitch. From the models with arbitrary mass
and abundance, we confirm that νmin2 is deeper than νmin0
and νmin1. min0 of the model oscillation frequencies is very
shallow in comparison to min1. In addition, high-frequency
region in ∆ν versus ν graph for the observed oscillation fre-
quencies is fluctuated. Therefore, νmin0 is either less or not
confidential in some cases. Agreement between patterns of
observed and model oscillation frequencies in ∆ν versus ν
graph, in particular for the range around νmin1 and νmin2,
reveals the appropriate model parameters.
We also compute fundamental properties of 34 planets
and also four planet candidates. Orbital and fundamental
parameters of the transiting planets and planet candidates
are revised. Radius range of the transiting planets is 0.35-
16.50 R⊕ . Orbital inclination of the planets is approximately
90◦. Semimajor axis range of the planets is 0.04-0.35 au.
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Table 4. Properties of the transiting planets. Planetary name, orbital period (P), radius [from the literature (Rplit) and this study (Rp)],
semimajor axis (a), and inclination (i) of the planetary orbit are presented. a and i are derived from this study. P and Rplit are taken
from Rowe et al. (2015).
Planet P Rplit Rp a i
(d) (R⊕) (R⊕) (au) (
◦)
Kepler-2b 2.204735 ± 0.000000 16.39 ± 0.15 16.42 ± 0.08 0.04 ± 0.01 90.00
Kepler-21b 2.785822 ± 0.000004 1.59 ± 0.01 1.58 ± 0.05 0.04 ± 0.01 84.95
Kepler-25b 12.720374 ± 0.000002 4.51 ± 0.08 4.52 ± 0.20 0.11 ± 0.01 89.66
Kepler-25c 6.238535 ± 0.000002 2.64 ± 0.04 2.64 ± 0.12 0.07 ± 0.01 89.95
Kepler-36b 16.231920 ± 0.000014 3.94 ± 0.05 3.97 ± 0.04 0.13 ± 0.01 87.61
Kepler-36c 13.849843 ± 0.000059 1.48 ± 0.02 1.49 ± 0.05 0.12 ± 0.01 89.18
Kepler-50b 7.812858 ± 0.000020 1.54 ± 0.03 1.56 ± 0.02 0.08 ± 0.01 88.27
Kepler-50c 9.376643 ± 0.000019 1.82 ± 0.03 1.84 ± 0.28 0.10 ± 0.01 87.34
Kepler-65b 5.859939 ± 0.000003 2.55 ± 0.04 2.55 ± 0.05 0.07 ± 0.01 89.84
Kepler-65c 2.154909 ± 0.000002 1.50 ± 0.03 1.50 ± 0.09 0.04 ± 0.01 83.02
Kepler-65d 8.131225 ± 0.000014 1.76 ± 0.03 1.76 ± 0.04 0.09 ± 0.01 86.15
Kepler-68b 5.398754 ± 0.000002 2.29 ± 0.03 2.31 ± 0.01 0.06 ± 0.01 89.89
Kepler-68c 9.605039 ± 0.000032 0.92 ± 0.01 0.93 ± 0.03 0.09 ± 0.01 89.74
Kepler-93b 4.726740 ± 0.000002 1.59 ± 0.04 1.59 ± 0.03 0.05 ± 0.01 86.88
Kepler-100b 12.815884 ± 0.000018 2.28 ± 0.06 2.32 ± 0.03 0.11 ± 0.01 87.85
Kepler-100c 6.887060 ± 0.000020 1.31 ± 0.03 1.33 ± 0.22 0.07 ± 0.01 87.19
Kepler-100d 35.333087 ± 0.000216 1.50 ± 0.03 1.52 ± 0.38 0.22 ± 0.01 88.91
Kepler-126b 10.495678 ± 0.000017 1.54 ± 0.02 1.50 ± 0.09 0.10 ± 0.01 87.50
Kepler-126c 100.282869 ± 0.000174 2.47 ± 0.04 2.41 ± 0.14 0.44 ± 0.06 89.98
Kepler-126d 21.869676 ± 0.000054 1.56 ± 0.03 1.53 ± 0.06 0.16 ± 0.02 88.40
Kepler-128b 15.089602 ± 0.000044 1.43 ± 0.03 1.43 ± 0.05 0.13 ± 0.01 89.93
Kepler-128c 22.802981 ± 0.000108 1.42 ± 0.03 1.42 ± 0.26 0.17 ± 0.01 88.30
Kepler-408b 2.465026 ± 0.000005 0.70 ± 0.01 0.70 ± 0.01 0.04 ± 0.01 85.89
Kepler-409b 68.958608 ± 0.000214 0.98 ± 0.02 0.98 ± 0.03 0.32 ± 0.01 89.90
Kepler-410Ab 17.833682 ± 0.000012 2.47 ± 0.04 2.48 ± 0.07 0.14 ± 0.01 90.00
Kepler-444b 3.600106 ± 0.000008 0.31 ± 0.03 0.39 ± 0.02 0.04 ± 0.01 88.27
Kepler-444c 4.545878 ± 0.000007 0.39 ± 0.04 0.50 ± 0.02 0.05 ± 0.01 88.60
Kepler-444d 6.189406 ± 0.000013 0.40 ± 0.04 0.51 ± 0.02 0.06 ± 0.01 89.13
Kepler-444e 7.743476 ± 0.000017 0.42 ± 0.04 0.53 ± 0.03 0.07 ± 0.01 88.99
Kepler-444f 9.740484 ± 0.000014 0.51 ± 0.05 0.64 ± 0.03 0.08 ± 0.01 89.75
Table 5. Properties of the transiting planet candidates. Columns are organized same as in Table 4.
Planet candidate P Rplit Rp a i
(d) (R⊕) (R⊕) (au) (
◦)
KOI-263 20.719520 ± 0.000062 2.32 ± 0.05 2.35 ± 0.07 0.15 ± 0.01 89.92
KOI-288 10.275317 ± 0.000012 3.17 ± 0.06 3.15 ± 0.24 0.11 ± 0.01 87.06
KOI-364 173.877461 ± 0.000000 0.54 ± 0.03 0.57 ± 0.02 0.63 ± 0.03 89.93
KOI-974 53.505838 ± 0.000149 2.49 ± 0.06 2.51 ± 0.02 0.30 ± 0.02 89.98
Table 6. Properties of the non-transiting planets. Planetary name, orbital properties of the planets [period (P), semimajor axis (a), and
eccentricity (e)], planetary mass [from the literature (Mplit) and this study (Mp)] and references are presented. Mspe denotes the species
of mass. P, a, e, and Mspe are taken from the literature.
Planet P a e Mplit Mspe Mp Ref.
(d) (au) (Mjup) (Mjup)
HD 52265b 119.60 ± 0.42 0.50 ± 0.35 0.03 1.05 ± 0.03 M sin i 1.08 ± 0.03 Naef et al. (2001)
Kepler-25d 123.00 ± 2.00 – – 0.28 ± 0.04 M 0.29 ± 0.05 Marcy et al. (2014)
Kepler-68d 580.00 ± 15.00 1.40 ± 0.03 0.18 ± 0.05 0.95 ± 0.04 M sin i 0.96 ± 0.27 Gilliland et al. (2013)
Kepler-93c 1460.00 – – 3.00 M 2.98 Marcy et al. (2014)
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Figure 7. Estimated planetary mass is plotted with respect to
mass from RV data in Mjup units.
According to the values of the semimajor axis and radius,
Kepler-2b is classified as hot Jupiter. We also derive fun-
damental parameters of the planet candidates. Their radius
range is 0.55-3.15 R⊕ . While the maximum difference be-
tween estimated and transit radii is about 25 per cent for
the five planets in Kepler-444.
Mass range of the planets is 0.29-3 Mjup. The estimated
planetary mass of HD 52265b is 16 per cent higher than
mass from the literature.
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